Background: Adverse outcomes in adolescent pregnancies have been attributed to
| BACKG RO UND
Maternal complications during pregnancy and delivery are the leading cause of death for women aged 15-19 years worldwide.
1 Despite concerted efforts and recent decline in adolescent pregnancy rates, adolescent pregnancy is still a significant public health issue in many industrialised and developing countries around the world. 1 Every year about 17 million teenagers give birth.
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The association between adolescent childbearing and adverse pregnancy outcomes has been well documented in the literature. 1, 2 Adolescent pregnancy has been linked with an increased risk of maternal and neonatal mortality and life-threatening complications for both the mother and the child such as eclampsia, obstetric haemorrhage, placental abruption, preterm birth (PTB), and low birthweight (LBW). 1, 2 Poor outcomes in adolescent pregnancies have been traditionally attributed to the biological immaturity of the young mothers. 3, 4 However, the role of young maternal age in adverse pregnancy outcomes is controversial. 2, 5, 6 A large body of evidence suggests that the observed association between adolescent pregnancy and poor perinatal outcomes is confounded by the social and economic conditions of poverty faced by the young mothers. 2, 5, 6 The social determinants of health (SDOH) perspective has been used extensively to frame adverse teenage pregnancy outcomes mediated by social inequalities. 1, 2 The World Health Organization (WHO) defines SDOH as "conditions in which people are born, grow, work, live, and age." 7 The role of broad societal conditions on population health was first acknowledged in the Ottawa charter in 1986. 8 It recognised that complex interconnected societal resources such as education, employment opportunities, and community networks shape social hierarchies and the resulting health disparities. For the purpose of this systematic review, the PROGRESS-Plus framework was selected as the conceptual model to guide the review process as recommended by the Campbell and Cochrane Equity Methods Group. 9 PROGRESS is an acronym for place of residence, race, occupation, gender/sex, religion, education, socio-economic status (SES), and social capital. 9 These categories highlight the multidimensional factors that influence potentially avoidable health inequalities across communities. 9 The PROGRESS-Plus framework was used to select the SDOH included in this review. The framework outlines that SDOH are the basis of the creation of social hierarchies and the distinctions between privileged and disadvantaged groups. 9 We hypothesised that SDOH drive inequalities in adverse adolescent pregnancy outcomes. We used this model to frame place of residence, occupation, education, and SES as material indicator of adolescent mother's well-being and a proxy measure of their ability to maintain a healthy life style. 9 Race was posited as a social institution that influences the young mother's access to societal resources and economic opportunities. Religion and social capital mediate these relationships.
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2 | ME THODS
| Searches
The systematic review was planned, conducted, and reported according to the Preferred Reporting Items for Systematic Reviews 
| Study selection
Two independent reviewers (SA and IM) screened the titles and abstracts generated from the search strategy to identify potentially relevant studies. The full text of articles deemed relevant and those whose abstracts and titles provided insufficient information were retrieved. Disagreements about study eligibility were resolved through discussion between reviewers until consensus was reached.
In case of duplicate publications, only the most recent or complete report was included.
Studies were included if they were primary research (ie, prospective and retrospective cohort studies, case-control studies, ecological studies, and cross-sectional studies), included a population of adolescent mothers, and evaluated the association between at least one SDOH and maternal and/or perinatal outcomes. Adolescent mothers were defined as mothers who gave birth before the age of 20 years. 
| Assessment of methodological quality
Two independent reviewers (SA and IM) evaluated the methodological quality of primary studies using the Newcastle-Ottawa Scale (NOS) 12 adapted by study design. This tool appraises the likelihood of bias in observational studies and comprises seven questions that assess bias in four realms: selection of study participants, comparability among study groups, ascertainment of exposures, and outcomes assessment. 12 Studies were classified as of good, fair, and poor quality based on their NOS score. Similar rating criteria have been used for assessing the quality of observational studies in systematic reviews. 13 Disagreements in quality assessment ratings were resolved by consensus.
| Data extraction and synthesis
A pretested data extraction form was used to collect information from individual studies about study characteristics (year, coun- articles were judged to be potentially relevant and retained for full-text review. Of these, a total of 31 individual studies were included in the review.
Detailed review process is outlined in Figure 1 . The complete list of excluded studies and reasons for exclusion is available on request.
| Characteristics of included studies
Thirty-one studies published from 11 countries and involving 59,670,142 adolescent mothers (age range: 10-19 years) were included in the review. The majority of studies were published in the U.S.(n=18) 16, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] 30, 32, 34, 35, 41, 42 followed by Australia (n=2) 17, 33 and Nigeria (n=2). 36, 40 The most frequently evaluated SDOH in the individual studies was race [16] [17] [18] [19] [23] [24] [25] [26] [27] [28] [29] [30] 32, 35, 37, [39] [40] [41] [42] while the most commonly reported maternal and birth outcomes were caesarean section 16, 17, 23, 28, 31, 33, 34, [37] [38] [39] [40] and PTB, 16, 17, 19, 20, [22] [23] [24] [25] [26] 28, 29, 31, 34, 35, 43 respectively. The primary studies included 16 retrospective cohort studies, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] 
| Methodological quality of included studies
Overall, the methodological quality of included studies was fair. Based on their NOS score, seven studies were classified as good, 16 Figure 2 and Appendix S2.
| Association between SDOH and maternal and birth outcomes
Overall, the included studies were methodologically diverse, and defined SDOH differently and/or not enough studies (<2) reported the same outcome. We performed meta-analysis for the association between race and birth outcomes as sufficiently homogenous studies were available on this association that allowed pooling of data. It was not possible to conduct meta-analyses for other SDOH due to the high heterogeneity across studies. Key review findings are summarised in Figure 3 . evaluated maternal race as a determinant of maternal and birth outcomes in adolescent mothers. The included studies used the terms White or Caucasians, Black or African American alternatively to define the different racial groups and used teen mother's self-reported racial identity to assess the association between maternal race and pregnancy outcomes. 16, 18, 19, 23, 25 Meta-analyses of the five US-based retrospective cohort studies ( Figure 4) showed that compared to White adolescents, African
| Race
American adolescent mothers had 67% (pOR 1.67; 95% CI 1.59, Adolescent mothers in the lowest income quintiles were reported to have a higher incidence of obstetric complications 36 and maternal deaths. 21 The rate of caesarean section was reported to be high among adolescents from high SES in contrast to low SES mothers.
| Socio-economic status

39
Neighbourhood-level low SES was found to be consistently associated with LBW. 24, 38, 42, 44, 45 The association between low SES and LBW persisted after adjustment for prenatal care, race, and smoking. Rural maternal residence was consistently associated with a high risk of PTB. 25, 30, 31 The association between rural residence and PTB remained significant after controlling for behavioural risk factors and obstetric characteristics. 25, 31 Evidence of an association between rural residence and LBW was inconclusive 30, 33, 46 ; however, rural non-White adolescents were reported to have a higher risk of LBW than their urban non-White counterparts. 30 Infants of rural teen mothers were also found to be at a high risk of death 30 and SGA. 31 Urban adolescent mothers living in sheltered environment with access to food and care and minimal stress were found to have low risk of LBW. 22 Adolescent mothers living in highly marginalised communities were reported to have high rates of caesarean section compared to adolescents living in privileged communities. 
| Education
The association between education and adverse maternal and birth outcomes was evaluated in six observational studies (cross-sectional ). Age-appropriate education of the adolescent mother was found to confer a protective effect against pregnancy complications. 21, 24, 46 Maternal illiteracy was identified as a significant predictor for maternal mortality. 21, 40 Teen mothers with adequate level of education for age were reported to have high rates of caesarean births. 39 After adjustment for maternal age, inter-pregnancy interval, and prenatal care utilisation, second births to adolescents with less than 12 years of completed education were found to be at an increased risk of PTB and LBW compared to adolescent mothers with more than 12 years of completed education. 24 
| Occupation
| Religion
The association between religion and adverse maternal and birth outcomes was evaluated in two studies (retrospective cohort 4 | COMMENT
| Principal findings
This is the first systematic review to summarise the available epidemiological evidence on the role of SDOH on adverse maternal and birth outcomes among adolescent mothers. A total of 31 primary studies were included that evaluated adverse pregnancy outcomes among adolescent mothers according to SDOH categories.
The studies used different definitions of SDOH which made direct comparison and pooling of data difficult. The majority of included studies analyzed birth outcomes which suggests a predilection of fetal-centric approach in the current adolescent perinatal health research. Our results suggest that biology alone does not explain the high incidence of adverse perinatal outcomes in adolescent mothers. Evidence suggests that adverse pregnancy outcomes experienced by adolescent mothers are the product of the material and social deprivation faced by the young mothers. A common theme that emerged from the included studies was the higher prevalence of poor pregnancy outcomes among socio-economically deprived adolescents compared to their well-off counterparts, which suggests that certain subgroups of adolescent mothers may be at a high risk of poor pregnancy outcomes and require special attention. These results inform the current scientific discourse on the role of SDOH in teenage pregnancy outcomes and have implications for adolescent perinatal health programme and policy.
| Interpretation
The review has revealed that SDOH influence adverse adolescent pregnancy outcomes. Results from meta-analysis revealed a higher risk of LBW and PTB among African American mothers compared to White adolescent mothers. 16, 18, 19, 23, 25 Similar racial disparities in pregnancy outcomes have been reported for adult African American mothers. 47 This suggests that negative health consequences of racism start to impact the reproductive health of African American mothers early in life. It has been reported that the early life experiences of racism and segregation act as psychological stressors and potentially have a negative impact on the reproductive health of adolescent mothers. 47 It is important to recognise that maternal race itself has no impact on pregnancy outcomes but it is likely that the experiences of racism and segregation influence African American mothers' pregnancy outcomes. 47 A mounting body of scientific evidence rejects biological grounds of racial disparities in health outcomes. 9, 18, 47 Previous research suggests that race-based differences in adverse pregnancy outcomes are the result of systemic racism faced by African American mothers. 47 Race as a social institution 9 perpetuates social stratification and ostracisation which can potentially result in systematic exclusion of populations of adolescent mothers, putting them at a higher risk of poor maternal and birth outcomes. Maternal race has been suggested to operate through social hierarchies and the resulting differential access to economic structures, legal systems, education, employment opportunities, health care services by African American mothers. 18, 47 Further research is needed in this area to better understand the social aetiology of racial disparities in birth outcomes which will help to highlight potential areas of intervention and improvement.
Rural residence and lack of social support were found to compound the risk of adverse birth outcomes associated with non-White race. 18, 30 These interactions suggest that SDOH operate through interconnected mechanisms and particular subpopulations may be at a greater risk of poor pregnancy outcomes than others. Recognition of these interactions is important to design effective targeted solutions for the high-risk groups.
Neighbourhood-level low SES was consistently linked with LBW in adolescent pregnancy despite the variability in the definition of SES. 24, 28, 35, 41, 44 Our findings are in line with the existing literature on socio-economic disparities in birth outcomes and highlight the influence of neighbourhood environment on adolescent pregnancy outcomes. 48 Low SES adolescents have also been
reported to be at a greater risk of under nutrition before, during, and after pregnancy which may explain the high rate of LBW among this group. 48 Adolescent mothers living in neighbourhoods with high rates of unemployment, single parent, and low-income families have been
Summary of methodological quality of included studies across study designs * Studies were classified into Agency for Healthcare Research and Quality (AHRQ) standard designations i.e. good, fair, and poor quality based on their New-Castle Ottawa score. The following rating criterion were used adapted for each study design: • Cohort Studies: good quality 7-9, fair quality 6, poor quality <5 • Cross Sectional Studies: good quality 6-7, fair quality 5, poor quality <4 • Ecological Study: good quality 5, fair quality 4, poor quality <3 • Case Control Study: good quality 7-9, moderate quality 6, poor quality <5
found to be at the greatest disadvantage. 42 Future studies should focus on highlighting the specific neighbourhood characteristics which influence pregnancy outcomes in adolescent mothers.
Studies on SES used different individual and area level factors to estimate SES. The unit used to measure SES has shown to impact the research outcomes. 49 Use of individual level factor such as parent's education for measuring SES of adolescents has been critiqued previously for being an over simplistic approach which may not reflect the true SES as perceived by the adolescents. 49 Currently, there are no guidelines regarding the best approach to measure SES of teenagers. 49 Future reviews should focus on identifying the most suitable way to measure SES of adolescent mothers to facilitate future research in this area.
There is evidence that rural adolescents have higher rates of PTB compared to urban teenagers. 25, 30, 31, 46 This high frequency of PTB among rural teens has been correlated with high rates of smoking in this population. 31 Smoking cessation services should be incorporated in existing adolescent prenatal programmes, particularly in rural areas, to reduce the risk of PTB among rural adolescents. Evidence for the association between LBW and rural residence was inconclusive, which may be explained by differences in study settings and the definitions of rural/urban used in the individual studies. 30, 33, 46 Low literacy skills were found to be a risk factor for maternal mortality 21, 30 and PTB, 24 which may be a reflection of differences in social status and access to health care services among educated and uneducated adolescents. Interestingly, a strong positive association was reported between employment and school enrolment status of the adolescent mother. 34 Employment may provide the teenage mothers financial independence which can help them continue their education. However, this finding is based on a single study, 34 and therefore, it is an aspect that merits further investigation. Long-term comparative data are lacking on the role of education, occupation, religion, and social capital on adolescent pregnancy outcomes. Well-designed observational studies are needed in this area to accurately estimate the risk associated with the under-studied SDOH and adolescent pregnancy outcomes.
F I G U R E 3 Summary of main review findings
Evidence from included studies also suggests regional differences in the reporting of SDOH. Future research on adolescent mothers should aim to highlight country-specific concerns particularly for countries with highest adolescent maternal mortality rates in order to identify effective solutions and decrease global inequalities in adolescent pregnancy outcomes.
| Strengths of the review
We followed the Cochrane collaboration's guidelines for conducting a systematic review of observational studies and conducted a comprehensive review of the current literature. Publication bias assessment using funnel plots was planned but could not be performed due to the small number of studies (<5) comparing similar outcomes; however, the comprehensive search strategy is likely to have identified most of the available literature on the role of SDOH in adolescent pregnancy outcomes. Dual independent screening of retrieved articles, data extraction, and risk of bias assessment was performed to minimise potential assessor biases. Review methodology and data analysis plan were prespecified, and the review protocol was registered before conducting literature searches to enhance the transparency and systematicity of our review methods.
| Limitations of the review
We followed the PROGRESS-Plus framework to identify the SDOH included in this review as recommended by the Campbell and Cochrane Equity Methods Group; however, this list is in no way exhaustive. The impact of physical environment and neighbourhood characteristics such as environmental exposures, air quality, quality of water resources, deforestation, crime, quality of housing, and rental living was not explored in this review and merits attention in future reviews.
Our findings should be applied with caution as they are potentially limited by the methodological diversity and moderate quality of the included studies. The majority of the studies included only teenage mothers who had received prenatal care or had a hospitalbased delivery. 19, 20, 22, 23, 29, [32] [33] [34] 36, 39, 40, 44 This can result in missing the most socio-economically disadvantaged teens and dilute the true magnitude of the association between SDOH and pregnancy outcomes. The majority of the studies did not adjust for confounding and presented crude estimates which limits the validity of presented results. The included studies used varying definitions of SDOH which precluded direct comparisons and statistical pooling of the results. Results from our meta-analyses may be more pertinent to adolescents born in the United States. Previous studies have found disparate poor birth outcome rates between foreignand US-born Black mothers. 50 All of the studies included in the meta-analyses were conducted in the United States and may reflect country-specific disparities.
| CON CLUS IONS
Current scientific literature suggests that African American race, rural residence, inadequate education, low SES, unemployment, and lack of social support are associated with poor pregnancy outcomes in adolescent mothers. Adolescent perinatal health programmes F I G U R E 4 Meta-analysis of the association between maternal race and pre-term birth and low birthweight should incorporate SDOH considerations in their policies and practice to improve perinatal outcomes for this group. Future studies should focus on the least understood SDOH such as education, occupation, religion, and social capital and highlight solutions to reduce disparities in perinatal outcomes for adolescent mothers and their infants. 
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